Heart rate, arterial blood pressure and blood acid-base status were determined in 18 adult female mink (mean (± SEM)body weight 1052± 34 g) during long-term anaesthesia with either controlled ventilation (n=12) or spontaneous respiration (n=6). Surgical anaesthesia was induced by intramuscular injection of ketamine hydrochloride (Ketaminol Vet®, 40.0 ± 1.7mg/kg) and midazolam hydrochloride (Dormicum® 2.8 ± 0.1 mg/kg) and maintained for at least 5 h by continuous intravenous infusion of this drug combination in 0.9% saline. For all animals, the mean rates of infusion of ketamine and midazolam were 48.4± 1.6 and 1.61±0.12mg/h, respectively. Following continuous infusion of the anaesthetics in isotonic saline, at a rate of 20 ml/h, a moderate 'dilution acidosis' developed, which could be corrected by replacement of part of the saline with sodium bicarbonate to a final concentration of approximately 25 mmol NaHC0 3 per litre. However, when the animals were allowed to breathe spontaneously, an increase in heart rate and a combined respiratory and metabolic acidosis occurred, due to severe respiratory depression. Apart from these effects and a few cases of increased salivation, no adverse effects over time were observed on the arterial blood acid-base status and cardiovascular function of the animals during ketamine/midazolam anaesthesia. It is concluded that the procedure described for long-term anaesthesia in mink is convenient and safe for acute physiological experiments in this species, provided normal body temperature and pulmonary gas exchange is sufficiently maintained. Thus, the need for an adequately controlled artificial ventilation is strongly emphasized.
. Induction of anaesthesia occurs within a few minutes and anaesthesia lasts for 30-60 min, depending on the dose and route of administration, and most animals are fully recovered 60-90 min after the last injection (Green et al. 1981) . Due to a large therapeutic index it may be given in repetitive doses without severe adverse effects (Gilman et al. 1990) . In most species, however, intramuscular injection of ketamine alone produces varying levels of sedation and analgesia without proper relaxation; but when combined with xylazine, benzodiazepines, or medetomidine, ketamine has been shown to produce an acceptable plane of sedation and anaesthesia for short-term surgery in cats, ferrets and other mammalian carnivores, whereas the effect is less consistent in other species (Ramsden et al. 1976 , Green et al. 1981 , Wright 1982 , Bone et al. 1988 , Amemo &. S0li 1992 .
In mink, only a few data are available on the physiological effects of ketamine when used alone or in combination with other compounds. Jepsen et al. (1981) studied the short-term effects of a series of different sedatives and anaesthetics on several blood parameters, including the acid-base status of toe-nail blood from adult mink. The authors included a series of reference values obtained in conscious, unsedated males, which appeared to be higWy influenced by the degree of excitement of the animals. Amemo &. Soli (1992) observed severe depression of heart rate and respiratory function and a considerable fall in body temperature in mink anaesthetized with ketamine-medetomidine for 85 min when maintained at an ambient temperature of 22-24°C.
The aim of the present investigation was to develop an anaesthetic procedure suitable for non-recovery experiments of 5 h duration in mink using continuous intravenous infusion of ketamine hydrocWoride and midazolam hydrochloride, a water soluble benzodiazepine derivative with minimal effects on the cardiovascular and respiratory systems (Gilman et al. 1990) . Particular emphasis was devoted to the importance of maintaining body temperature and respiratory function, including the acid-base status of the extra-cellular fluid, within limits comparable to those observed in short-term anaesthetized mink. This reference was chosen because physiological values are not available for conscious, unrestrained mink, apart from the data on heart rate obtained by radiotelemetry by Gilbert &. Gofton (1982) , West &. Van Vliet (1986) and Stephenson et al. (1988) ; (d. Table   n Materials and methods
Animals
Eighteen adult, non-pregnant female mink of the wild colour mutant type, 2 years of age and weighing 1052 ±34 g were obtained from the Danish Fur Animal Research Farm, DK-7500 Holstebro, Denmark. The animals were plasmacytosis-free and appeared healthy upon arrival at the laboratory. They were housed in the farm facility in individual standard wire cages for mink (90 em long, 48 em wide and 30 em high) with strawbedded nest boxes, with a 12 h light/dark cycle for at least one week prior to surgery. The animals were fed a 200 g ration of conventional mink feed each day at 10 a.m. and given free access to tap water throughout the acclimatization period. The major stock components of the feed mixture were industrial fish and fish offal (52%), slaughterhouse offal (16%), cereal products (21%) and vegetable or animal fats [6%), supplemented with a vitamin-mineral mixture (1%) and water (4%). Further details of the composition of this type of mink feed have been given in previous publications (Wamberg et al. 1992a,b) . Prior to surgery, the animals were randomly allocated into 3 experimental groups (A, B, and q each consisting of 6 females. At 9 a.m. the animals were given an intramuscular bolus injection of ketamineJ midazolam followed by continuous intravenous infusion of the anaesthetic in 0.9% (wJv) saline with (groups Band q or without (group A) supplements of sodium bicarbonate. The animals of groups A and B were then subjected to controlled ventilation, whereas the animals in group C were allowed to breathe spontaneously (see belowl. The experimental procedures of this study followed Danish legislation and the guidelines approved by the member States of the Council of Europe for the protection of vertebrate animals lAnonymous 1986). 
Anaesthesia, respiration and ventilation
In the trapped animal, sedation and anaesthesia were induced by intramuscular injection of ketamine hydrochloride (Ketaminol® Vet., 50 mgfml, Veterinaria AG, Zurich, Switzerland)40.0± 1.7mgfkg live weight and midazolam hydrochloride (Oormicum®, 5 mgfml, Hoffman-La Roche AG, Basle, Switzerland)2.8±0.1 mgfkg (mean±SEMI. The animal was then left undisturbed in darkness at room temperature, and deep surgical anaesthesia, assessed by complete absence of the palpebral and toe pinch reflexes, occurred within 6-10 min. In a few cases, the duration of anaesthesia (50-60 min) was insufficient to allow for the surgical procedures described below and supplements of ketamine were given by intramuscular injection. No excitation was observed. Following suppression of the laryngopharyngeal reflexes by spraying the oral cavity with 10-20 mg lignocaine hydrochloride (Xylocaine®, 100mgfml, Astra, Sweden) the animal was intubated using an
Surgery, blood sampling and monitoring
Following the insertion of a Silastic® catheter (ID, 0.76mmj 00, 1.6Smmj Dow Corning Co., Michigan, USA) into the right jugular vein through a 2 cm low-cervical incision, surgical anaesthesia was maintained for at least 5 h by constant infusion of ketamine and midazolam hydrochloride in sterile isotonic saline (group A) or isotonic saline containing approximately 25 mmolfl of sodium bicarbonate (groups Band C) using a thermostated syringe infusion pump (Terufusion®, model STC-521, Terumo Corp., Tokyo, Japanl preset at a volume rate of 20.0 ml per hour (see p. 64 and footnote to Table 4 ). For all groups (n=18), the mean rate of intravenous infusion of ketamine and midazolam hydrochloride was 48.4± 1.6 and 1.61 ±0.12mgfkg per hour, respectively. A PE-50 polyethylene catheter (ID, 0.6 mmj 00, 1.0 mm) filled with heparinized (50 ill fml) isotonic saline was then inserted into the femoral artery and advanced into the abdominal aorta for continuous registration of the arterial blood pressure. The mean arterial blood pressure was obtained by automatic integration of the pressure curve over time and recorded every 60 min using an ink jet recorder and a calibrated pressure transducer with amplifier (Siemens-Elema, uncuffed paediatric endotracheal tube (ID, 2.5 mmj 00, 3.6 mmj Portex®, Kent, UK). The animal was shaved on the ventral surface of the neck, thorax, abdomen, and the medial part of the hindlegs, and placed on a thermostat-controlled heating-pad in dorsal recumbency and covered with drapings in order to maintain central body temperature close to 39 ± OSC (Fig II. In groups A and B, artificial ventilation was maintained at a respiratory rate of 20 inspirations per minute using a pressure-controlled ventilator (Servo ventilator 900, Elema-Schonander, Sweden) preset at a positive inspiratory pressure of about 10-15 mmHg and an inspiratory volume of 100 mlfmin (with an inspiratory phase of 25%, pause time of 10%, and a deep sigh function). The inspiratory oxygen level was set at 21 % and the respiratory minute volume was adjusted according to the arterial CO 2 tension measured. 
Statistical analysis of experimental data
The data presented in the text, in Tables 1-2 and in Fig 1 are given as mean values ± SEM with the number of observations (animals) in parenthesis. In Fig 1 the shaded temperature reference interval is that given by Wenzel (1982) . The data shown in Table 3 and Figs 2-4 are means and 90% confidence intervals (CII for groups A and C, calculated as the mean ± t·SEM (t=2.0; df=5) (Gardner & Altman, 1986) . In Figs 2-4, the shaded areas represent the 90% CI for the 6 animals of group B, which is considered to present a reference group for anaesthetized mink. For each parameter (Matthews et al. 1990 )presented in Table 3 , i.e. the initial value at 1h and the change during 1h to 5 h. For all individuals in each group the relationship between these 2 measures is presented as a difference plot in Fig 5. Finally, as indicated in Table 3 , the statistical significance of the differences in these measures between the reference group (group B) and the 2 experimental groups (groups A and q was deter- 
Results
In all animals a satisfactory level of surgical anaesthesia was obtained by continuous intravenous infusion of ketamine and midazolam hydrochloride in saline. Mean body temperature (Fig 1) was maintained within the normal level of 39±OSC IWenzell982) in all groups throughout the observation period, except for the initial values recorded in groups A and B. The cardiovascular parameters are shown in Fig 2. The artificially normal oxygen delivery throughout the anaesthetic period. The acid-base status is characterized by the parameters shown in Fig  4. It is clear that the animals of group C (allowed to breathe spontaneously) suffered from respiratory insufficiency leading to a persistent and combined respiratory and metabolic acidosis. This was due to a signficant increase in arterial pC02 and a concurrent reduction of the standard bicarbonate and base excess values of arterial blood, . Table 1) . Arterial oxygen and carbon dioxide status is shown in Fig 3. The arterial oxygen tension and haemoglobin oxygen saturation of the spontaneously breathing animals of group C were severely reduced, whereas the corresponding values of groups A and C were maintained at levels sufficiently high for At an infusion rate of 20 ml/h, this solution will supply the following: 50.0 mg ketamine, 2.0 mg midazolam/h and 20 mmol NaHC03/hour. Note, that a reduction ofthe volume of sodium bicarbonate to 6.0 ml and that of salineto 37.0ml, making a final volume of 50.0 ml, and infusion of this solution at a rate ofl0 ml/h will give identical supplies of sodium bicarbonate and the anaesthetics despite continuous intravenous supplementation with sodium bicarbonate. In groups A and B, the pCOz values of arterial blood were maintained at the normal level by means of continuous ventilation control. However, the arterial pH of group-A animals declined slowly throughout the anaesthetic period, with a parallel decline in the standard bicarbonate and base excess values, reflecting the development of a moderate metabolic acidosis. Arterial pH, BE and standard bicarbonate did not decline in group B, due to continuous supply of sodium bicarbonate along with the infusion of the anaesthetic solution.
Discussion

Anaesthesia
In the mink, sedation and anaesthesia is commonly used for blood sampling and shortterm surgical procedures, and the effects of various anaesthetics, such as halothane (Birnbaum et a1. 1969j, chloralose (Capatina et a1. 1977 ), ketamine (Ramsden et a1. 1976 , Sorfleet & Chavez 1980 , West and van Vliet 1986 , and pentobarbitone (Ringer et a1. 1974 , as well as several different drug combinations (Green 1979 , Jepsen et a1. 1981 , Wenzel 1982 , are well documented in the literature. However, to our knowledge, there are no available data on the long-term effects of these anaesthetics on respiratory, cardiovascular and renal function in mink. In the present study, the drug combination and the dose levels used for continuous intravenous anaesthesia were generally well tolerated by all animals and surgical anaesthesia was maintained throughout the 5 h observation period. In spite of some cases of mild salivation, atropine was not used for suppression of parasympathetic secretions due to its effect on heart rate. As expected, the combination of ketamine hydrochloride and midazolam hydrochloride, a water soluble benzodiazepine derivative, produced an adequate sedative and hypnotic effect, which was documented by the absence of the palpebral and toe-pinch reflexes. Also, complete muscular relaxation was present throughout the surgical procedures and therefore, muscle relaxants were not used. Interestingly, the large variations in individual therapeutic response to ketamine anaesthesia seen in related species, such as cats and ferrets, were not observed in this study. Spontaneous respiratory movements were depressed, but severe adverse effects of ketamine hydrochloride as previously reported in mink, cats and other mammals when given as the sole anaesthetic agent (Bone et a1. 1988 , Colby & Sanford 1981 , Green et a1., 1981 , Jepsen et a1. 1981 , Wright 1982 were absent in the mink subjected to the regimen of continuous intravenous ketaminejmidazolam anaesthesia presented in Table 4 . In the present study the rate of volume infusion was set at 20mljh in order to replace on-going losses of body water due to surgery, blood sampling, and insensible losses (Wamberg 19941.At the same time, this infusion rate ensured an adequate rate of urine production. Danielson et a/. (1975) , which shows the changes expected in 4 critical parameters. of cardiovascular and metabolic function during the different states of long-term anaesthesia. Note that the change in blood base excess is usually found to be the earliest marker of impaired peripheral perfusion in the anaesthetized animal
Cardiovascular parameters
In anaesthetized animals used as experimental models in physiological and pharmacological studies, circulatory parameters such as heart rate and arterial and venous blood pressure are usually monitored for the assessment of the cardiovascular status of the animal. During different states of anaesthesia, however, distributional changes in the central blood flow may cause impaired perfusion of peripheral organs such as the liver, the kidneys, the skeletal muscle mass and the skin, leading to severe functional and metabolic disturbances, including metabolic acidosis (Brunner et a1. 1959 , Mitchell et a1. 1972 . Hence, as shown by the outline in Fig  6, severe physiological changes are usually not discovered by routine measurements of heart rate and arterial blood pressure until late in the anaesthetic crisis. Therefore, in order to maintain adequate control of the circulatory and metabolic status of the anaesthesized animal, it is of paramount importance to include measurements of the arterial blood acid-base status at regular intervals, in particular the base excess and the partial pressures of oxygen and carbon dioxide (Price 1960 , Bersentes &. Simmons 1967 , Mitchell et a1. 1972 . In all groups of the present study, the mean arterial blood pressure was largely found to be within the confidence interval considered to represent the normal level in mink. The heart rate was elevated in group C, indicating a peripheral vasodilation in the spontaneously breathing animals. Interestingly, however, the data on heart rate and arterial blood pressure obtained in all 3 groups appeared to remain within the range of values in anaesthetized mink (Table  1) and ferrets (Kempf &. Chang 1949 , Bone et a1. 1988 reported in the literature. Furthermore, when given alone to ferrets, ketamine produced a significant increase in heart rate (Bone et a1. 1988) . For comparison, published values for the heart rate obtained by radiotelemetry in unanaesthetized mink, have been included in Table 1 . The remarkable variation in the heart rate associated with normal behaviour of conscious mink, obtained by radiotelemetry in one of these studies (Gilbert &. Gofton 1982) , indicates that reference vaiues for this parameter in apparently normal resting mink are not easily obtained without using some kind of sedation and/or anaesthesia.
Respiratory parameters and acid-base status
There are a few data in the literature on the blood acid-base status of unsedated mink (Jepsen et a1. 1981) . The values are highly influenced by the degree of excitation of the animals, and no comparable data are available for mink subjected to long-term anaesthesia with continuously controlled respiratory function. In the present study the arterial p02, and the haemoglobin oxygen saturation were within normal levels in group A and B, whereas the spontaneously breathing animals in group C were hypoxic due to low p02" reduced oxygen saturation and presumably impaired local perfusion. The arterial pC02, values of the artificially ventilated animals were in the normal range, whereas the spontaneously breathing animals were I  I  I  I  I  I  I  I  I  ] I and consequently, pH falls to 7.1 In vivo, the effect is illustrated by the blood acid-base data of groups A and B shown in Fig 4. In group B, maintenance of normal pH and base excess values documents that the disturbance was effectively reversed by the addition of an adequate amount (approximately 25 mmol) of sodium bicarbonate to each litre of the infusion solution.
The development of moderate metabolic acidosis during continuous infusion of saline has previously been demonstrated in dogs subjected to long-term chloralose or sodium pentobarbital anaesthesia (Shires &. Holman 1948, Danielson et al. 1975 ). In the present study, the animals of group C (spontaneously Wamberg, Svendsen & Johansen breathing Iwere markedly acidotic in spite of continuous intravenous infusion of an appropriate amount of sodium bicarbonate (approximately 25 mmol/l) with the anaesthetic fluid. The standard bicarbonate and whole blood based excess values in group C documented the presence of a metabolic component contributing to the developing acidotic state. Since ketamine produces no change in haemoglobin affinity for oxygen (Bageant &. Petty 1973) the combined respiratory and metabolic acidosis is due to the increased pC0 2 and to hypoxia which, in tum, is a result of the decreased oxygen saturation and impaired peripheral circulation. Thus, as shown by the theoretical outline in Fig 6, originally proposed by Danielson et a1. (1975) , the change in blood base excess rather than blood pH may appear to be an earlier and more sensitive sign of impaired peripheral circulation in the anaesthetized experimental animal.
Recommendations
The combination of ketamine and midazolam used in the present study is considered suitable and convenient for sedation and long-term anaesthesia in mink and may be given either by intramuscular injection or by intravenous infusion. It produces deep surgical anaesthesia with complete muscular relaxation and may be supplemented repeatedly without cumulative effect. Based on the results presented in this study we recommend'an intravenous solution suitable for the maintenance of surgical anaesthesia in adult mink made up from commercially available stock solutions as shown in Table 4 . The composition of this solution is designed for an infusion rate of 20 ml/h in a I kg female mink, supplying: ketamine, 50 mg; midazolam, 2mg and sodium bicarbonate, 4mmol/ kg/h (Table 4 ). This renders a sodium bicarbonate concentration of 20 mmol/l, a little lower than the theoretical value of 25 mmol/l for the prevention of 'dilution acidosis' (see abovel, but it appears sufficient for practical purposes, because of the ability of the kidneys to increase, albeit slowly, the rate of tubular reabsorption of sodium bicarbonate. In the present study the volume infused was set at 20 ml/h, but if a reduced infusion rate is required, 10 ml/h for example, the infusion solution could easily be adjusted to SOml by appropriate reduction of the amounts of sodium bicarbonate and saline as indicated in the footnote to Table 4 .
In conclusion, given the severe metabolic and respiratory acidosis in spontaneously breathing animals under this regimen, the need for an adequately controlled artificial ventilation of the anaesthetized animal is strongly emphasized.
